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AbstractObjective: Massive hemorrhage is life-
threatening during armed conflicts. Tourniquets are impor-
tant medical devices used to reduce severe bleeding in
trauma. The aim of this study was to empirically evaluate
the current tourniquets used in China and provide informa-
tion to emergency nurses in selecting the appropriate
tourniquet.
Methods: Five tourniquets were self-applied by 20
healthy participants. The blood flow distal to the tourni-
quet site was assessed using vascular Doppler ultrasound.
Application time, pain, numbness, and other parameters were
evaluated.
Results: The bladder tourniquet and windlass tourni-
quet effectively occluded arterial blood flow with success
rates higher than 75% in both the upper and lower
extremities. The Cargo-strap was the fastest to apply, taking
(7.22±2.30) s for the upper extremityand (6.48±2.40) s for the
lower extremity. The rubber tube was the most painful, and
the improvised tourniquet was the least efficient. The suc-
cess rates were higher in the lower extremity than in the
upper extremity (P<0.05,2=5.714).
Conclusions: The bladder tourniquet and the wind-
lass tourniquet are efficient tourniquets, although the wind-
lass is superior with respect to portability and pain. The
Cargo-strap and rubber tourniquets have several disadvan-
tages that reduce their suitability for field use. The impro-
vised tourniquet is not recommended because of low effi-
ciency and severe pain during implementation.
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Massive hemorrhage is the primary treatablethreat to survival and should be quicklystopped in the battlefield. Tourniquets, if pro-
perly applied, are effective to control extremity
hemorrhage.1 Though clinical efficacy of tourniquetshas
been demonstrated in previous studies, their applica-
tion inmassivehemorrhage remainscontroversial.2,3 The
early surgical use of tourniquets demonstrated that
improper tourniquet design or prolonged tourniquet ap-
plication could cause direct injury to the tissues and
induce reperfusion injury.4-7 In civilian emergency
medicine, the fear of tourniquet-related complications
has nearly eliminated the use of tourniquets. Most
medical professionals and emergency responders still
employ the tourniquet as last resort, and reserve the
use of these devices to the cases in which the patients
would die if bleeding cannot be immediately stopped.3
On the battlefield, more than 50% of deaths resulted
from isolated extremity hemorrhage are potentially pre-
ventable if the tourniquet is used.8, 9
Development of the ideal tourniquet may solve the
current controversyregarding the tourniquetuse formas-
sive hemorrhage. The ideal tourniquet should be able
to apply quickly and easily and offer effective occlusion
of arterial flow, with a simple, lightweight, compact and
rugged design.4 Calkins et al10 evaluated eight types of
tourniquets for potential battlefield use in 1999, of which
only three can reliably occlude the arterial pulse. Two
are of the strap/ratchet design, while the other one is of
pneumatic design. Recently, an improved tourniquet
called the US Army one-handed tourniquet has been
recommended since it can be self-applied with one
hand.11 However, this device is found to only reduce
forearm blood flow by 79% and decrease leg blood flow
by 50%. A trial performed by King et al4 in the Canadian
Forces showed that the surgical tube tourniquet induces
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severe pain and presumably local tissue damage al-
though it is considered as the lightest, fastest, easiest,
and cheapest method.
Most types of tourniquets are not ideal, with their
own advantages and disadvantages. Therefore, it is
necessary to conduct comparative evaluations in order
to determine the optimal tourniquet which can be used
for wartime injuries, as well as injuries occurring in natu-
ral disasters, such as several recent earthquakes in
China. In these cases, many victims only need simple
interventionsfrom emergencymedical serviceproviders,
so the use of tourniquet for a brief period of time to limit
blood loss and expedite transport would be rational and
possibly life-saving. However, there is little literature de-
scribing the effect of tourniquets in clinic. The aim of
this study was to evaluate currently available tourni-
quets in China for prehospital use.
METHODS
Tourniquet types
A comprehensive research was performed to inves-
tigatecurrently available tourniquets by literature review,
visiting the local emergency center and a research in-
stitute on military equipments, and personal communi-
cation with military medical care providers. Five types
of tourniquets were selected and compared (Table 1).
The five tourniquets were chosen as follows:
1. Bladder tourniquet (Figure 1). This device, first
produced in 1904 and then widely used in surgical field,
consists of an air bladder, pressure displaying bar and
inflatable device. The bladder can be inflated with a
squeeze bulb for final tightening. The inflation pressure
can be read via the pressure displaying bar. The cuff is
7 cm wide and 50 cm long.
2. Windlass tourniquet (Figure 2). It is developed
by the Military Medical Equipment Research Institute
in Tianjin, China, and has not been widely used. It is 4 cm
wide and 70 cm long, consisting of a friction buckle,
fixation strap, self-adhesive band and a C-shaped lock
buckle. It works by wrapping the tourniquet around the
injuredextremity, tightening the self-adhesiveband, and
twisting the windlass to achieve an appropriate
pressure.
3. Cargo-strap tourniquet (Figure 3). It was devel-
opedby theChineseArmy and used in variousbranches.
Being 2.5 cm wide and 55 cm long, Cargo-strap tourni-
quet consists of a ratchet, a buckle and an elastic strap.
It controls hemorrhage by inserting and pulling the strap
along the ratchet and fastening the strap by the buckle.
4. Rubber tube (Figure 4). First used in the 1870s,
rubber tube is apieceof solid rubber, 2cm wide and 50cm
long, which is available in any surgical center.
5. Improvised tourniquet (Figure5). Canvas military
belts are often used as an example of an improvised
tourniquet in textbook. This tourniquet is used in battle-
field when no medical personnel or medical equipment
is available.
Participants
Withapproval from theethicscommitteeof theGeneral
Hospital of PLA, Beijing, China, 20 young soldiers, at
the age of 20-27 years, 12 males and 8 females, were
enrolled from one affiliated army unit for this trial. All
participants signed an informed consent. Their age,
height, weight, blood pressure, pulse and extremity cir-
cumferences were recorded. The demographics of all
participants are listed in Table 2.
Table 1. Weights and dimensions of the five tourniquets
Types Weight (g) Dimension (cm3)
Bladder tourniquet
Windlass tourniquet
Cargo-strap tourniquet
Rubber tube
Improvised tourniquet
139.32
53.27
38.35
17.45
25.90
9.0×7.5×4.0=270.00
11.0×3.5×3.5=134.75
7.0×4.0×3.0=84.00
6.0×4.0×3.0=72.00
5.5×5.5×2.5=75.63
Table 2. Participant demographics (n=20,± s)
Items  ±s Max Min
Age (years)
Height (cm)
Weight (kg)
Blood pressure (mm Hg)
Pulse (beats/min)
Arm circumference (cm)
Leg circumference (cm)
22.45±3.56
170.15±3.63
61.45±10.38
123.55±16.37
/68.95±9.77
77.75±10.44
25.08±3.25
47.46±6.75
27
178
86
153
 /94
96
30
56
20
164
45
93
 /56
61
20
40
Note: 1 mm Hg=0.133 kPa
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Measures
The participants were given 15-minute training on
tourniquet use and then repeatedly practiced until they
could successfully and effectively apply the tourniquet.
Five tourniquets were applied for each participant in
sequence. The interval between two tourniquets was
no less than 30 minutes. All tourniquets were self-ap-
plied by the participants. The participants used their
non-dominant arm to place a tourniquet on the con-
tralateral arm; both hands were used to apply the tour-
niquet on the lower extremity. The bladder tourniquet
was inflated by compressing the bulb to a certain
pressure, and the reference values of systolic pressure
were 50 mm Hg in the upper extremity and 80 mm Hg
in the lower extremity according to the literature.12 The
other 4 tourniquets were wrapped mechanically.
Vascular Doppler Ultrasound (Siemens, Germany)
was used to monitor the blood flow in the brachial ar-
tery and popliteal artery. The absence of a blood flow
signal represented a successful application. Timing
started with the initiation of placement, and ended when
the participant felt he had tightened the tourniquet
adequately. After the release of tourniquets, the partici-
pants were asked to grade the experience on tourni-
quet usewith 0-3scale (0 represents “none” and3 “very”)
for four items: pain, numbness, easiness of application
and portability.
Statistical analysis
Descriptive statistics were calculated to summa-
rize the study variables. The statistical software SPSS
version 13.0 was used for data analysis. Variables were
compared using the Student’s t test, and categorical
data were compared by the2 and Fisher exact tests.
P<0.05 indicated statistical significance.
RESULTS
Among the five tourniquets, both bladder tourniquet
and windlass tourniquet obtained a better outcome.
Bladder tourniquet had successful rates of 75% in the
upper extremities and 100% in the lower extremities,
while windlass tourniquet had successful rates of 80%
in the upper extremities and 100% in the lower
extremities. Although the successful rates of Cargo-
strap tourniquet and rubber tube were higher than 75%
in the lower extremities, but only 60-70% in the upper
extremities. Moreover, the successful rates for five tour-
niquets were higher in the lower extremities than in up-
per extremities, and this difference was significant in
bladder tourniquet application (P=0.047,2=5.714,
Table 3).
Table 4 shows the application time of five tourni-
quets in upper and lower extremities. Among the five
tourniquets, application time for Cargo-strap tourniquet
was the shortest, taking only (7.22±2.30) s in the upper
extremities and (6.48±2.40) s in the lower extremities.
The application time for bladder tourniquet was the
longest, and the time in the upper extremities was
greater than in lower extremities (P=0.024, t=2.362).
The numerical summary of the questionnaire data
is shown in Table 5. Bladder tourniquet received the
lowest score of pain, followed by windlass tourniquet.
Rubber tube was noted to be the most painful. The par-
ticipants often felt a lot of numbness after the applica-
tion of improvised tourniquet. For portability evaluation,
bladder tourniquet achieved a lower score than the other
types. For the easiness-of-application, Cargo-strap tour-
niquet had the highest value and improvised tourniquet
had the lowest.
DISCUSSION
Arterial occlusion efficacy is a primary parameter
to assess the usefulness of tourniquets. In previous
studies, some researchers used palpation or ausculta-
tion to determine if the arterial blood flow was properly
occluded by tourniquets. Although palpation and aus-
cultation are easily performed, they may be affected by
subjective factors.4,13 Therefore, in this trial, we adopted
the Color Doppler Ultrasound Imaging System to moni-
Figure 1. Bladder tourniquet. Figure 2. Windlass tourniquet. Figure 3. Cargo-strap tourniquet. Figure 4. Rubber tube. Figure 5.
Improvised tourniquet
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tor arterial blood flow. After the application of the
tourniquet, the absence of a blood flow signal indicates
a successful application. In addition to the occlusion of
arterial flow, the dimensions and weights of the device
were assessed, as well as application time, pain and
numbness. Collectively, these parameters provided a
comprehensive evaluation of tourniquet efficiency and
usefulness in the field.
Table 3. Successful application rates in the upper extremity and lower extremity (n=20 )
Types Upper extremity (%, cases) Lower extremity (%, cases) 2          P
Bladder tourniquet
Windlass tourniquet
Cargo-strap tourniquet
Rubber tube
Improvised tourniquet
75% (15)
80% (16)
70% (14)
60% (12)
45% (9)
100% (20)
100% (20)
85% (17)
75% (15)
60% (12)
5.714
2.057
1.290
1.026
0.476
0.047
0.342
0.451
0.501
0.731
According to previous evaluation criteria,10 a tourni-
quet should occlude detectable blood flow in at least
75% of the participants, then the device can be consi-
dered successful. Bladder tourniquets provide uniform
pressureover awideareaand causeless pain. However,
the practical use of bladder tourniquet is somewhat li-
mited by its size and weight. Out of the five tourniquets,
it is the heaviest (139.32 g) and largest (270 cm3), mak-
ing it potentially more difficult to carry and use. In terms
of occlusive efficacy, windlass tourniquet is superior to
bladder tourniquet. The successful rate of windlass tour-
niquet in one-handed application to the upper extrem-
ity is even higher than that of bladder tourniquet (80%
vs 75%). The windlass tourniquet tested in this study
was newly developed. Its special windlass can add pres-
sure to prevent blood flow via a twisting mechanism.
The participants said that windlass tourniquets were
more portable and comfortable than other tourniquets.
The other tourniquets are less successful in occlud-
ing blood flow compared with bladder tourniquet and
windlass tourniquet. Cargo-strap tourniquet is designed
forquick tighteningandquick removal. However, itselas-
tic band has a limited pressure range, which can lead
to failure of the apparatus if applied to a thin extremity.
Rubber tube only achieved a 60% successful rate when
applied to the upper extremity, despite its long history
of use in the medical field. Its contact surface with the
limb is fairly narrow, which leads to excessive pressure
focused on a small area, subsequently cause severe
pain. Our study also found that improvised tourniquet
cannot occlude arterial blood flow effectively, and the
application time is comparatively longer than that of
other tourniquet. Some researchers thought that an im-
provised tourniquet is useful for on-site first aid in the
absence of a specially designed tourniquet.4 Our study
indicates that an improvised tourniquet cannot perform
Table 4. Application time in upper extremity and lower extremity (s,± s)
Types Upper extremity Lower extremity t  P
Bladder tourniquet
Windlass tourniquet
Cargo-strap tourniquet
Rubber tube
Improvised tourniquet
25.78±7.87
18.46±4.87
7.22±2.30
14.02±3.36
20.96±4.43
19.59±7.52
16.61±4.36
6.48±2.40
13.35±3.62
14.74±4.22
2.362
1.188
0.876
0.493
2.465
0.024
0.243
0.388
0.627
0.033
Table 5. Subjective evaluation scores of five tourniquets by participants (± s)
Types Pain Numbness Portability Easiness of application
Bladder tourniquet
Windlass tourniquet
Cargo-strap tourniquet
Rubber tube
Improvised tourniquet
0.95±0.86
1.25±0.56
1.50±1.61
2.40±1.27
1.90±1.52
1.25±0.97
1.65±1.05
1.20±0.75
1.45±1.28
1.95±0.76
1.35±0.67
2.55±0.61
2.40±0.88
2.95±0.22
2.70±0.47
2.62±0.61
2.54±0.41
2.80±0.47
2.28±0.89
2.10±0.70
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as well as we expected.
Our study also showed that the successful rate of
all tourniquets in the upper extremities was lower than
that in the lower extremities, which is inconsistent with
the findings in previous studies.11 Self-application by
the non-dominant arm could be extremely difficult and
time-consuming, but the application to lower extremi-
ties is easier because the participants can use both
hands during this application. This suggests that not
all tourniquets are suitable for both upper and lower
extremities. The perimeter and application conditions
are different, so the material and structure of proper
tourniquets for both upper and lower extremities should
be different. Tourniquets which can be self-applied to
the upper extremities should be specifically designed
for small extremity and one-handed use. Future tourni-
quet design should incorporate these considerations.
The participants in this study were healthy soldiers
and not actual patients with extremity arterial bleeding.
Therefore, the successful rate of application was higher
than normal and the application time might be
underestimated. In addition, the tourniquets were loos-
ened immediately after blood flow was assessed in or-
der to minimize the discomfort. So the bearable time
and safety of tourniquets over a long period of time are
not discussed in this study. Different tourniquets pro-
duce different pressures below the strap, but the pres-
sure is not measured due to instrument limitations in
this study. Although we found that application in upper
extremities had low successful rates, which may be
correlated with the circumference of the extremity, this
correlation analysis are not performed due to small
sample size.
In conclusion, among the five tourniquets, Cargo-
strap tourniquet and rubber tube have obvious
disadvantages, and improvised tourniquet is not rec-
ommended because of severe pain and low efficiency.
The bladder tourniquet and windlass tourniquet can be
performed efficiently in application to the arm and the
leg. Comparatively, windlass tourniquet is superior be-
cause it is portable and causes minimal discomfort.
We believe that this new type of tourniquet should be
widely used.
 It is necessary for emergency nurses to learn the
characteristics of each tourniquet and how to apply it
appropriately in a short period of time. This study tested
five tourniquets commonly used in China and provided
references for tourniquet use.
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